Objectives-In major cerebral arterial occlusive diseases, patients with inadequate blood supply relative to metabolic demand (misery perfusion) may be at increased risk for cerebral ischaemia. This study investigated whether patients showing misery perfusion on PET have a high risk of recurrent ischaemic stroke. Methods-The relation between the regional haemodynamic status of cerebral circulation and the subsequent risk of recurrent stroke was prospectively evaluated in 40 patients with symptomatic internal carotid or middle cerebral arterial occlusive diseases who underwent PET. Patients were divided into two haemodynamic categories according to the mean hemispheric value of oxygen extraction fraction in the hemisphere supplied by the artery with symptomatic disease: patients with normal oxygen extraction fraction and those with increased oxygen extraction fraction (misery perfusion). All patients were followed up for at least 12 months. Results-The one year incidence of ipsilateral ischaemic strokes for patients with normal oxygen extraction fraction and those with increased oxygen extraction fraction were two of 33 and four of seven patients respectively. A significantly higher incidence of ipsilateral strokes was found in patients with increased oxygen extraction fraction (Fisher's exact test; P = 0-005). In patients with increased oxygen extraction fraction, three of four strokes were watershed infarctions and the location of the infarction corresponded with the area of increased oxygen extraction fraction. Conclusion-These findings contradict conclusions of a previous study and suggest that patients with major cerebral arterial occlusive diseases and misery perfusion have a high risk for recurrent ischaemic stroke.
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In patients with major cerebral arterial occlusive disease, an inadequate blood supply relative to metabolic demand (misery perfusion)' may increase the risk of cerebral ischaemia, suggesting that identification and optimal treatment of patients with misery perfusion could help prevent stroke. However, it remains unclear whether patients with misery perfusion on PET have a high risk of ischaemic stroke, especially strokes of haemodynamic origin. Although case reports and retrospective studies have indicated that bypass surgery relieved patients with misery perfusion from abnormal haemodynamic state and recurring transient ischaemic attacks,'3' few studies have systematically investigated the relation between cerebral haemodynamics determined by PET and the subsequent risk of stroke. A previous longitudinal study did not find a relation between abnormal cerebral haemodynamics and the subsequent occurrence of stroke,5 but the data of the study were limited and not conclusive because of the few patients studied.2 To further investigate whether patients with misery perfusion have a high risk of recurrent ischaemic stroke, we prospectively followed up 40 medically treated patients with symptomatic major cerebral arterial occlusive disease who underwent PET.
Methods

PATIENTS
We followed up 40 patients with symptomatic internal carotid artery (ICA) or middle cerebral artery (MCA) occlusive disease who were under medical treatment. All subjects were prospectively selected from 52 patients with symptomatic ICA or MCA occlusive disease in whom regional cerebral blood flow (CBF), cerebral metabolic rate of oxygen (CMRo2), oxygen extraction fraction (OEF), and cerebral blood volume (CBV) were measured using PET at our university hospital between 1985 and 1994. They were consecutive patients who had been referred to the department of neurology from related hospitals for pathophysiological study of major cerebral arterial occlusive diseases using PET. Thus they were not consecutive patients in the related hospitals. Inclusion criteria for the PET studies were as follows: (1) with a Positologica III PET scanner and the remaining examinations between 1990 and 1994 were carried out with a PCT3600W, both manufactured by Hitachi Medical Co, Japan. Technical data regarding these two scanners are described elsewhere.7 Each device has four and seven rings and can obtain seven and 15 tomographic slices in a single scanning process. The best spatial resolution is 7-6 and 6-5 mm at full width half maximum at the centre of the scanning field, and the axial resolution is 12 and 7 mm at the centre. Before the study, a 68germanium-68gallium transmission scan was performed for 20 minutes to allow attenuation correction. Cerebral blood flow was determined while the subject continuously inhaled C"50, through a mask. Measurements of CMRO2 and OEF were obtained during continuous inhalation of 1502.
Data were collected for five minutes. A single breath of C'5O was used to measure CBV. We calculated CBF, CMRO2, and OEF by the steady state method,9 and CMRO2 and OEF were corrected by CBV.'0 The ratio CBF/CBV was calculated pixel by pixel as an indicator of cerebral perfusion reserve." All subjects and their relatives gave informed consent to the PET study.
We analysed three (Positologica III) or six (PCT3600W) tomographic planes located 43 to 82 mm above and parallel to the orbitomeatal line, which corresponded to the levels from the basal ganglia and thalamus to the centrum semiovale. The region of interest was placed on the CBF images and CT-PET imaging coregistration was not used. Each image was examined by placing a total of [18] [19] [20] (table 2) . Five strokes occurred during the first two months after entering the study. Of patients with normal OEF values, two developed ipsilateral stroke. These two patients had a somewhat low CBF/CBV value (fig 1, bottom) . Of patients with increased OEF values, four developed ipsilateral stroke and one had stroke in the contralateral hemisphere with increased OEF. Because no deaths occurred within the first year, all 40 patients were at risk for 12 months. The one year incidence of stroke in patients with increased OEF was five of seven for all strokes and four of seven for ipsilateral ischaemic strokes. The one year incidence of stroke for patients with normal OEF was two of 33 for all strokes and ipsilateral ischaemic strokes. The incidence of ipsilateral ischaemic strokes in patients with increased OEF and normal OEF was 57-1% and 6-0% respectively (Fisher's exact test; P = 0-005). A significant difference was found between patients with ipsilateral stroke and those without in the value of OEF (mean 51 6 (SD 5 2) v 45-5 (SD 6 0)%, Mann-Whitney U test; P < 0 05) or CBF/CBV (7-0 (SD 2 3) v 9-4 (SD 2-0)/min, P < 0 05).
All patients with recurrent stroke had minor stroke at entry. Minor stroke may carry a greater risk of recurrent stroke than transient ischaemic attacks. When 34 patients with minor stroke were analysed, the incidence of ipsilateral ischaemic strokes in patients with increased OEF and normal OEF was four of seven (57-1%) and two of 27 (7 2%), respectively (Fisher's exact test; P = 0 0096). In our patients, the intervals between the most recent ischaemic event and PET studies varied (one to 55 months). When data from 33 patients with transient ischaemic attack or stroke within one year before entry were analysed, the results were three of five (60%) and two of 28 (7-1%), respectively (Fisher's exact test; P = 0-0165).
Although five of six patients with ipsilateral recurrent stroke had hypertension or diabetes, their presence was not related to recurrence of stroke. The incidence of ipsilateral ischaemic strokes in patients with hypertension or diabetes and that of those without either disease were five of 24 and one of 16 respectively (Fisher's exact test; P = 0-3725).
After the first year of follow up, two strokes occurred in 33 patients observed for more than one year without stroke. One stroke was ipsilateral and the other was a contralateral ischaemic stroke. One ipsilateral ischaemic stroke occurred in 31 patients with normal OEF. This was combined with progression of intracranial ICA stenosis on the contralateral side. One contralateral ischaemic stroke also occurred in 31 patients with normal OEF. In two patients with increased OEF, there were no strokes. Two patients died of non-cerebral causes after the first year of follow up.
A total of nine patients developed ischaemic stroke during the follow up period; seven ipsilateral and two contralateral (table 2) . Seven strokes were suggested to be of haemodynamic origin from the location of infarct or the related conditions. All seven infarcts occurred in the superficial or deep watershed region. Among these, the locations of three ipsilateral strokes in patients with increased OEF corresponded to the area of increased OEF (fig 2) . Although no apparent associated conditions were identified in these three strokes in patients with increased OEF, one contralateral stroke (in the hemisphere with increased OEF) in a patient with increased OEF and two ipsilateral (fig 3) and one contralateral stroke in patients with normal OEF were related to conditions leading to a deterioration of the haemodynamic status (table 2) .
Only two patients (patients 1 and 8) with ICA stenosis and recurrent stroke underwent angiography at the time of recurrence. The severity of stenosis was unchanged in patient 1, but it was increased in patient 8. In patients 2 and 7, the presence of flow void at the siphon of ICA on follow up MRI suggested that the stenoses did not become occlusions. In patient 5, no information was available about the contralateral ICA lesion.
Discussion
This study showed that patients with major cerebral arterial occlusive diseases and increased OEF (misery perfusion) have a high risk of recurrent ipsilateral ischaemic stroke during the first year of follow up, contradicting the results of a previous study.5 There were four ipsilateral strokes among seven patients with increased OEF and two ipsilateral strokes among 33 patients with normal OEF. The incidence of ipsilateral ischaemic stroke in patients with increased OEF was as high as 60%, and was significantly higher than that in patients with normal OEF. After the first year of follow up, however, the risk of ipsilateral ischaemic stroke showed no relation to the severity of initial haemodynamic abnormality. Only one patient with normal OEF developed an ipsilateral stroke, which was combined with progression of contralateral ICA stenosis. Appropriate treatment of the causes of systemic haemodynamic disturbance may be crucial in the management of patients with major cerebral arterial occlusive disease, especially patients with increased OEF. In patients with major cerebral arterial occlusive disease, individual treatment strategies according to the haemodynamic state of each patient may be needed, including consideration of the degree of hypertension control'5 and the optimal packed cell volume.'6 In our patients with follow up stroke, optimal treatment and good compliance might have prevented haemodynamic strokes.
Few studies have systematically investigated the relation between cerebral haemodynamics determined by PET and the subsequent risk of stroke. A longitudinal study by Powers et al did not show a relation between abnormal cerebral haemodynamics (abnormal CBV/ CBF ratio defined as outside normal range) and the subsequent occurrence of stroke.5 If patients with haemodynamic abnormality ranging from mild to severe, such as those with an abnormal CBV/CBF ratio, were considered as a group, they did not show a high risk for early stroke. A small subgroup of patients with increased OEF, however, could have an increased risk of developing a stroke,2 because both their study and ours included small patient samples and patient selection could have biased the outcome causing different results. The incidence of ipsilateral stroke within the first year in their study (one of 30) was apparently lower than that in our sample (six of 40) as well as that in the ExtracranialIntracranial Bypass Trial (0 109).56 In their study, most PET investigations were performed within 30 
